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INTRODUCTION

The various arrangements in which one of the atrial 
chambers is able to communicate directly with both 
ventricles continue to generate misunderstanding and 
debate. Description of a case in which the left atrium was 
communicating directly with both ventricles[1] generated 
conflicting editorial commentaries. On the one hand, 
Richard Van Praagh provided an extensive review of 
potential developmental explanations, albeit without 
providing any evidence to substantiate his speculations.[2] 
On the other hand, one of us provided a commentary 
emphasizing the need to distinguish between the right 
and left atrioventricular (AV) junctions, as opposed to a 
common AV junction.[3] This was because the situation in 
which one or other of the atrial chambers communicates 
directly with both ventricles can also be produced 
by gross malalignment of the primary atrial septum 
in the setting of a common AV junction. The latter 
arrangement, of course, is one of the variants found in 
the setting of an AV septal defect. And most usually, in 

that latter setting, the ventricles are of comparable size, 
usually with concordant ventriculoarterial connections, 
such that it is possible to achieve surgical biventricular 
repair by excision of the malaligned atrial septum, 
with repositioning of a new septum so as to direct the 
venous returns to their appropriate ventricles.[4] The 
problem in differentiating these variants producing 
so-called “double-outlet atrium” arises when such hearts 
with AV septal defect and malaligned primary atrial 
septum are compared with other hearts in which there 
is straddling of either the right or left AV valve in the 
setting of absence of one of the AV connections. It was 
such a heart with absence of the right AV connection 
that stimulated the commentaries discussed above.[1] 
In the same issue of the journal, another heart was 
described with dual orifices in the tricuspid valve, but 
with the tongue dividing the orifices bound down to 
the crest of the ventricular septum such that there 
was no interventricular shunting.[5] As was explained 
in one of the commentaries, this situation produces 
the paradoxical situation in that, seemingly, there are 
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is a common AV junction. Usually, in this setting, the 
atrial and ventricular chambers are arranged such that 
the right atrium continues to communicate with the right 
ventricle, and the left atrium with the left ventricle, but 
across the common junction [Figure 1b]. The leftward 
margin of the common junction is then formed by the 
parietal left AV wall. It is possible in this arrangement 
for the primary atrial septum to be deviated leftward 
such that the systemic venous return entering the right 
atrium is able to pass directly into both ventricles, with 
the pulmonary venous return exiting the left atrium by 
passing between the leading edge of the atrial septum 
and the parietal left AV junction. This is the situation 
producing double-outlet right atrium in the setting of 
an AV septal defect.[9] Despite the double-outlet right 
atrium, however, the AV junction is still common, and 
is limited to the left side by the AV junction. In the 
arrangement encountered in our first patient, there 
was absence of the left AV connection, as in the heart 
shown in Figure 1c. This is the arrangement described, by 
virtue of the fact that the solitary AV valve is straddling, 
and hence tethered in both ventricles, as producing a 
uniatrial and biventricular connection.[10] The key feature 
that distinguishes this arrangement from the common 
AV junction is that the straddling valve is attached 
exclusively to the vestibule of the right atrium, with 
its leftward margin formed by the buttress of the atrial 
septum [compare Figure 1a and c]. Hence, it is a right 
AV valve, despite the fact that it is tethered in both 
ventricles. It cannot be a common valve, since it does 
not drain directly the blood from the left atrium. An 
understanding of these definitions is essential if we are 
to explain the differing morphologies found in our three 
patients, all of whom have the flow patterns described 
as double-outlet right atrium.

DESCRIPTION OF CASES

Our first patient was a  15-day-old boy, initially diagnosed 
as having an AV septal defect, and referred for elective 

three AV valves, but in the presence of only two AV 
junctions.[3] We have now encountered another heart 
with this potentially confusing arrangement, but in the 
setting of absence of the left AV junction with straddling 
of the right AV valve. It has been suggested that such 
hearts were no more than common atrioventricular 
junctions, but with the primary atrial septum fused to the 
parietal left atrioventricular junction so as to obliterate 
the “ostium primum” defect.[6,7] We do not believe this 
to be the explanation of the morphology found in our 
patient. Indeed, we will emphasise that, in the setting 
of absence of the left atrioventricular connection, the 
valve guarding the right atrial vestibule remains a right 
atrioventricular valve even if it is tethered in both the 
right and left ventricles [Figure 1C]. We compare and 
contrast the findings in our first patient with those from 
two other patients having common AV valves [Figure 1b], 
but in the setting of double-inlet ventricle, albeit with 
the primary atrial septum malaligned to produce the 
arrangement recognized as double-outlet right atrium.[8,9]

DEFINITIONS

Understanding of the different arrangements producing 
the situation in which one or other of the atrial chambers 
is able to communicate directly with both ventricles 
across the AV junctions requires a precise definition of 
what is meant by the AV junctions and, by extension, the 
valves which guard them. In the normal heart, of course, 
there are two AV junctions, which are readily described 
as being right and left [Figure 1a]. In this normal setting, 
the leftward margin of the right AV junction is formed 
by the buttress of the atrial septum, which interposes 
between the cavities of the right and left atrial chambers. 
By virtue of the integrity of the atrial and ventricular 
septal structures, this means that the right atrium is able 
to communicate only with right ventricle across the right 
AV junction, while the left atrium communicates with the 
left ventricle across the left AV junction [Figure 1a]. In 
the majority of hearts with deficient AV septation, there 

Figure 1: The panels show the key morphological distinction between separate right and left atrioventricular junctions (a), a common 
atrioventricular junction (b), and a right atrioventricular junction in the setting of absence of the left atrioventricular connection (c)
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again revealed normal arrangement of the abdominal 
organs and the atrial chambers, with normal systemic 
and pulmonary venous connections. In this patient, 
although the atrial septum, as in the first patient, was 
deviated to the left, it was not fused to the parietal left 
AV junction [Figure 2b and Video 3]. Thus, flow from the 
left atrium was between the leading edge of the primary 
atrial septum and the summit of the parietal wall of the 
left ventricle. The flow patterns, therefore, were again 
that of double-outlet right atrium, but this time in the 
setting of a common AV valve [Figure 4b and Video 4]. 
We found a further complication, however, in that the 
left ventricle was dominant, with a small incomplete 
right ventricle positioned anterior and to the right 
of the dominant left ventricle. The ventriculoarterial 
connections were concordant [Figure 5b], with an 
interventricular communication of moderate size 
providing the only source of flow to the incomplete 
right ventricle [Figure 6]. The aortic arch was left sided, 
with normal branching pattern, and the arterial duct 
was no longer patent. The morphological diagnosis, 
acknowledging the physiological flow patterns of 
double-outlet right atrium, was double-inlet left ventricle 
through a common AV valve, but with concordant 
ventriculoarterial connections, in other words a variant 
of the so-called “Holmes heart.” The parents were 
advised to proceed along a path of staged functionally 
univentricular palliation, with early banding of the 
pulmonary trunk.

Our experience of morphological variants producing 
the flow patterns of double-outlet right atrium was then 
extended when another 4-day-old baby was referred 

surgery. Transthoracic echocardiography revealed 
usual arrangement of the abdominal organs and the 
atrial chambers, with normal systemic and pulmonary 
venous connections. The key feature was the finding of 
straddling and overriding of the right AV valve, with 
absence of the left AV connection. The leftward margin 
of the straddling AV valve was formed by the buttress 
of the atrial septum [Figures 2a, 3a and Video 1]. The 
only outlet from the left atrium was a moderately sized 
defect within the oval fossa [Figure 3b and c]. One of 
the bridging leaflets of the straddling right valve was 
attached to the crest of the muscular ventricular septum, 
but the valve was competent [Figure 4a and Video 2]. 
The ventricles were balanced, and showed right-handed 
topology. The ventriculoarterial connections were 
concordant [Figure 5a], and the outflow tracts were 
unobstructed. The aortic arch was left sided, with a 
normal branching pattern, and the arterial duct was 
no longer patent. The family was advised of the need 
for early surgery because of concerns about the atrial 
communication becoming more restrictive. They chose, 
however, against surgical intervention. The baby was 
referred again at 2 months of age because of poor weight 
gain and worsening respiratory distress. As predicted, 
the atrial communication had become more restrictive, 
with the symptoms now attributable to pulmonary 
venous hypertension. The parents again refused surgical 
intervention, and the infant died 1 week later at the 
referring hospital.

We were then confronted by a second case, a 4-month-old 
infant with trisomy 21 referred to us for evaluation of 
the heart. In this infant, transthoracic echocardiography 

Figure 2: Apical four‑chamber echocardiographic images are shown of all three infants. (a) The apical four‑chamber view of the first case. 
The buttress of the atrial septum is completely fused with the parietal atrioventricular junction. Hence, there is no direct communication 
between the cavity of the left atrium and the ventricles. The right atrium has a biventricular atrioventricular connection. (b and c) The 
apical four‑chamber views in the second (b) and third (c) cases. The atrial septum is deviated to the left, but is not fused to the parietal 
atrioventricular junction, permitting flow beneath the leading edge of the primary atrial septum

cba

Figure 3: (a) An echocardiographic image from our first patient as obtained using the modified subcostal view. It demonstrates the 
fusion of the lower edge of the atrial septum to the parietal atrioventricular junction (green arrow). Additional imaging from the subcostal 
region shows the presence of a defect within the oval fossa (b), with color Doppler imaging revealing the left‑to‑right shunt (c)
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to us for evaluation. In this neonate, transthoracic 
echocardiography revealed the liver to be right sided, but 
the spleen could not be visualized. The heart was in the 
left side of the thorax. The atrial appendages could not be 
satisfactorily imaged, but the venoatrial connections were 
normal. The atrial septum was again deviated markedly 
to the left, such that flow from the left atrium was 
between the leading edge of the primary atrial septum 
and the left AV mural junction [Figure 2c and Video 5]. 
In other words, all the blood entering directly to the 
ventricular mass was again passing from the vestibule of 
the right atrium [Figure 4c]. As with the second patient, 
the morphologically left ventricle was dominant, but 
this time the incomplete right ventricle was anterior 
and to the left of the dominant ventricle. The aorta 
arose anteriorly from the incomplete morphologically 
right ventricle [Figure 5c], and there was pulmonary 
atresia. The aortic arch was left sided, and branched in 
normal fashion. A vertically aligned arterial duct was 
the only source of pulmonary blood flow to confluent 
pulmonary arteries. As with the second patient, the 
morphological diagnosis was double-inlet left ventricle, 
but with discordant ventriculoarterial connections, or 
in other words transposition. Since the common AV 
valve originated predominantly from the vestibule 
of the morphologically right atrium, the lesion once 

more could again be described as producing the flow 
pattern of double-outlet right atrium. The baby was 
commenced on an infusion of prostaglandin E1, which 
resulted in an improvement of oxygen saturation. 
A systemic-to-pulmonary arterial shunt was created 48 h 
later, and the baby had an uneventful recovery

DISCUSSION

The anatomical arrangements producing the flow 
patterns of so-called double-outlet atrium have generated 
significant discussion.[2,3,8,11] It is now accepted that the 
arrangement is produced most frequently by deviation of 
the atrial septum in the setting of a common AV junction 
such that the flow from one of the atrial chambers is 
between the leading edge of the atrial septum and the 
parietal AV mural junction.[8] The arrangement that 
continues to produce controversy and discussion is the 
one found in our first patient, in which there is straddling 
and overriding of a solitary AV valve in the setting 
of absence of one of the AV connections, or AV valve 
atresia. This is the arrangement that is appropriately 
described as producing a uniatrial but biventricular 
AV connection.[10] The problem that has existed with 
appropriately describing such cases reflects the fact 
that the straddle and override of the valve generates 
the temptation to presume that the valve is guarding a 

Figure 4: The short‑axis images of the atrioventricular valve 
as taken in subcostal fashion are shown for the three cases, 
(a) from the first case, (b) from the second, and (c) from the third. 
The similarities resulted in misclassification of our first case as 
representing a common atrioventricular valve in the setting of an 
atrioventricular septal defect

c

b
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Figure 5: Images taken to provide the parasternal short‑axis view 
show the relationships of the arterial roots. The roots are normally 
related, with the pulmonary root anterior and to the left of the 
aortic root in the first (a) and second (b) cases, but the aortic root 
is anterior and left‑sided in the third case (c)

c

b

a



494 Annals of Pediatric Cardiology / Volume 14 / Issue 4 / October-December 2021

Krishna and Anderson: Double outlet right atrium revisited

common AV junction. Indeed, some have suggested that 
the arrangement is no more than an extreme form of AV 
septal defect, but with the primary atrial septum deviated 
to the left to such an extent that it has fused completely 
with the parietal wall of the left-sided AV junction.[7,8] 
Those promoting this developmental explanation, based 
on their own experience in which they were able to 
achieve biventricular surgical correction, point to a 
previous description. They failed to note, however, that 
in the earlier description, the authors described the 
flow from the left atrium as passing through an “ostium 
primum” defect, hence suggesting that the patient did, 
indeed, have a common AV junction.[12]

The essence of a common AV valve is that it guards 
a common AV junction [Figure 1b]. Such a common 
valve itself usually straddles and overrides. As we 
discovered in our second and third patients, however, 
this is not always the case. As we found in our first 
patient, furthermore, because the buttress of the 
atrial septum had fused with the parietal left-sided 
AV junction, there was no AV septal defect. Instead, 
the only outlet from the left atrium was through a 
defect in the oval fossa. Even though the AV valve was 
straddling and overriding the crest of the muscular 
ventricular septum, it remained a right AV valve. There 
is a further paradox in our second 2 infants. Although 
the common AV junction was supported exclusively by 
the vestibule of the right atrium, with marked deviation 
of the primary atrial septum, and thus producing the 
physiological flow pattern of double-outlet right atrium, 
the AV connection was exclusively to the dominant left 
ventricle. In other words, there was double-outlet right 
atrium, but also double inlet through a common AV 
valve. In the more usual variant of double-outlet right 

atrium produced by deviation of the atrial septum in 
the setting of a common AV junction, the common valve 
is supported by balanced right and left ventricles.[4,9] 
It is the balanced arrangement of the ventricular mass 
that usually permits biventricular surgical correction 
subsequent to excision of the primary atrial septum. 
In all of our patients, in contrast, the only option 
for treatment would be functionally univentricular 
palliation. In the case reported by Perez-Martinez 
et al., nonetheless, it did prove possible to achieve 
biventricular surgical repair, despite the absence of 
the left AV connection. This is very much the exception 
that tests the rule.

Our experience, taken overall, serves to illustrate the 
problems that continue to exist in the setting of straddling 
and overriding AV valves. So-called double-outlet right 
atrium is no more than the physiological situation 
produced when the valve supported by the vestibule of 
the morphologically right atrium connects to both the 
morphologically right and morphologically left ventricles. 
The flow pattern produced is always present in the setting 
of straddling and overriding of the tricuspid valve, 
irrespective of whether the tricuspid valve coexists with 
a mitral valve, or is found, as in our first patient, with 
absence of the left AV connection. As we found in our 
second and third patients, the same flow pattern can be 
found in the setting of a common AV junction even when 
the valve guarding the junction is neither straddling nor 
overriding. In both of our patients, because the common 
valve connected only with the dominant left ventricle, 
there was effectively a uniatrial and univentricular 
connection across the common AV junction, but again 
producing the flow patterns of double-outlet right atrium. 
Our experience confirms our earlier suggestions,[3,11] 
namely that appropriate description of these rare 
cases depends on the distinction between a common 
AV junction and a solitary junction in the setting of 
an absent connection. We now appreciate that it also 
requires careful attention to the support provided by the 
ventricular mass to the AV valve that is present.
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Figure 6: The echocardiographic image, taken from the subcostal 
view, in the second case shows the muscular interventricular 
communication, with the pulmonary trunk arising from the 
hypoplastic anteriorly located incomplete right ventricle
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